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. $S$ rank seled
.
$rank_{c}(S, i):S[1..i]$ $c$
$seled_{c}(S, i):S$ $i$ $c$
$(\sigma=2)$ word RAM
rank/select $n+o(n)$
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$[5|$ , 1 $m$
rank$/select$
$lg(\begin{array}{l}nm\end{array})+O(n lg lg n/lgn)=mlg\frac{n}{m}+$
$\Theta(n)+O(n lg lg n/lgn)$
(Raman [7]).
(fully indexable dictionary, FID)
. $m=O(n/lgn)$ ,












. , $P$ $2n$
.
2.2.2 DFUDS [1]
DFUDS(Depth-First Unary Degree Sequence)
. .
1 . $’(’$ 1
, BP $U$














childrank, degree , DFUDS $lca$. depth,
$LA$ .
eisleaf $(x):x$ .






.child(X, i) : $x$ $i$
.chdd$(x, i)$ : $x$
$lca(x,y):x$ $y$
depth$(x):x$











LCA RMQ Jansson [4]
. $U$ $E[i]=(U[0..i]$ $’(’$
)- $($U $[0..i]$ $/)’$ ) . $E$ $2n$
$\pm 1$ , $0$ .
1 2 $x$ $y$ $LCA$
DFUDS $o(n)$
$l4/$.
$x,y,v,$ $s,$ $z$ $U$ 2
). $x=y$ $x=y=z$ .
$z=lca(x,y)(x<y)$ $x$
$x’:=x$. $x’:=$
firstchild(X) $-1$ . $x’$ $x$
$U$ .
$s$ $:=RMQ_{B}(x,y-1)+1$
$z$ : $=$ parent(s)















































$F$ . $F$ $n+1$ .
, ,
DFUDS . ,




1 , $F[0,$ $..n]$
$x$ $F[x]$
.
.isleaf $(x):F[x]=\underline{)}$ yes $no$ .
parent $(x)$ :F[x–l] $=$ ( $x-1$ .
findopen$(x-1)$
efirstchild(x): $x+1$
elastchild(x): findclose(x) $+$ l
. bling$(x);F[x-1]=\underline{(}$ lastchild (parent
$(x))$ , .
degree: $F[x]=\underline{)}$ $0$ , 2.
edesc$(x)$ : $F[x]=\underline{)}$ $0$ , findclose
(enclose(x))–x $+$ l.childrank(x) : $F[x-1|=$ ( 1, 2.
child$(x,i)$ : $i=1$ firstchild$(x)$ . $i=2$
lastchild$(x)$ . $i\neq 1,2$ .
, $lca$ $RMQ$ . 2
$z=lca(x,y)$ . $x<y$
$s=RMQ_{B}[x,$ $y-1]+1$ $z$ $y$
$s$ ,














$B_{r}[1, \ldots, 2n]$ DFUDS $LCA$ ,
DFUDS $x$ $R$ .
DFUDS . $p,$ $q$
$lca(p, q),$ $(p<q)$ .
DFUDS
$c$ , $B_{r}[c|=1$ $2n$
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. $0(n/L)$
$L=\Theta(lgn)$ , $FID$ $B_{r}$
$o(n)$ .
, preorder $|$ffi $x$
$R[x]$ .





select $\iota$ $(B_{r}$ , (rank$\iota(B_{r},$ $x)$ ) $)$
. , $2\sim 4$
. 4 . $R[x]$ $x$
2 .
$LCA$ .
$p \mathfrak{r}order$ , $x$ $R[x]$
4 .
$x,$ $R[x],$ $s$ DFUDS
$U$ . $x=R[x]$
.
1. $R[x]$ $x$ .
2. $R[x]$ $x$
. , $R[x]$ $x$
$s$ ,





4. $r_{i}$ $x$ .


























&pth $(x)=$ ( $x$ $R[x]$ depth $(\delta)$ )





$x$ $R[x]$ depth $(\delta)$
$L= \frac{1}{4}lgn$ , 42








$i$ . $R[x]$ $R$ $x$
.
$ii$. $R$ $R[x]$ $x$
.
6: $x$ $R[x]$





$Q[1, \ldots]:=F[R[x], \ldots, x]$
$2(a)$
$Q[1, \ldots]$ $:=F[R[x|, \ldots, y]$ F[lastchild(y), . . . , $x$]
$2(b)i$
$Q[1]:=\underline{(}$
$Q[2, \ldots]$ $:=F[lastchild(R[x]), \ldots, x]$
$B(b)ii$
$Q[1]:=\underline{(}$
$Q[2,$ $\ldots|$ $:=$ F[lastchild(y), . .. , $y$ ]
$Q[y-lastchild(R[x|)+3, \ldots]$
$:=$ F[lastchild(y), . .. $x$]
$k_{x}$ ,
1. $k_{x}=x-R[x|+1.2(b)ii$
$k_{x}$ $=$ y–lastchild$(R[x])+$ 3 $+$ x–lastchi$ld(y)$
.
$2(b)ii$ ,
7 . $F$ $R[x]$ $x$
$Q[1, \ldots, 2L]$
. $2^{2L-1}\cdot(2L-1)$ .










$r_{k}$ . $1\leq k$ $\leq$ ( )
. $D_{f}[k]=depth(r_{k})$ .
1 $FID$
. $T$ $r_{1}$ $0$ .
$A:D_{r}[k-1]<D_{r}[k]$ $0$ . 1
. $A[1]=1$ .
$D_{1}$ : $D_{r}[k-1]<D_{r}[k]$ $0$ $D_{r}[k]-D_{r}[k-1]$
} 1 1 .
















$D_{1}\cdot D_{2}$ select .
DFUDS
, depth$(R[x|)$
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